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SYSTEM FOR REPRESENTING THE 
LOGICAL AND PHYSICAL INFORMATION 

OF AN INTEGRATED CIRCUIT 

FIELD OF USE AND BACKGROUND OF THE 
INVENTION 

Field programmable gate arrays (FPGAs) and application 
speci?c integrated circuits are increasingly popular types of 
integrated circuits. However, increasingly complex inte 
grated circuits in general are increasing in popularity because 
integration of large systems on a chip substantially reduces 
manufacturing costs over other classic forms of construction 
of circuits. 
When designing integrated circuits, the ?nal design is 

reduced to a ?le called a netlist. A netlist is a description of the 
devices that are to be fabricated on an integrated circuit and 
the connections betWeen each terminal of each device to form 
the circuit. 

Layouts of integrated circuits are typically done on Work 
stations Which have a ?xed amount of random access memory 
(RAM). In complex integrated circuits, the netlist can be so 
large that it cannot all be stored in the RAM available on the 
Workstation. This results in part of the netlist being stored on 
the hard disk of the Workstation and being paged in and out of 
RAM. This sloWs doWn the Workstation and can be frustrating 
for the designer. 

In laying out integrated circuits, it is important to keep 
devices that have to communicate data or signals With each 
other close to each other in the layout. Long lines of conduc 
tive material running across the chip betWeen terminals of 
devices that need to communicate signals cause excessive 
amounts of parasitic capacitance. Parasitic capacitance sloWs 
doWn the operation of integrated circuits and limits the upper 
frequency of the clock speed that controls all sWitching on the 
chip. Keeping devices that need to communicate signals to 
each other close together optimiZes a design for speed. 

Designs of integrated circuits are implemented in terms of 
logical blocks, each of Which performs a speci?c type func 
tion. Designers also Want to group logical blocks that are 
connected together by many Wires close to each other to 
minimize routing congestion. If tWo logical blocks that are 
highly interconnected are far apart on the chip, the expanse of 
chip area betWeen the tWo logical blocks Will have many 
Wires running across it. This makes this space less useable 
because it is more dif?cult to integrate other circuitry in this 
space and get connections to it Without interference With the 
other lines running across the space. 

Netlists are expressed in pure logical terms of a hierarchy 
of logical blocks and hoW they are interconnected. The hier 
archy is comprised of higher level logical blocks Which are 
comprised of loWer level logic blocks each of Which is itself 
comprised of loWer level logical blocks, and so on to the leaf 
nodes of the hierarchical tree. Logical blocks are such things 
as adders, an Arithmetic Logic Unit (ALU), system memory 
cache, system bus, display driver circuitry, etc. An example of 
a hierarchy might be a top level logical block Which is a 
microprocessor and Which has four ALUs. Each of these 
ALUs is comprised of four adders for this example. Each of 
these adders has tWo NAND gates and an OR gate for this 
example. These logical blocks represent a three level hierar 
chy, and the connections betWeen these circuits de?ne a logi 
cal netlist With a three level hierarchy. 

The netlist is purely logical and relates What the different 
logical blocks are, hoW they are interconnected, and the hier 
archy betWeen the various logical blocks. There is no infor 
mation in a logical netlist Which indicates Where on an inte 
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2 
grated circuit any particular device such as a transistor, adder, 
etc. Which is part of a logical block should be placed. 

To actually physically lay out the circuit, the netlist is input 
to another tool running on a Workstation called a ?oor plan 
ner. The ?oor planner lets the designer layout the general ?oor 
plan of the chip by alloWing the designer to specify the loca 
tions on the chip for the high level logical blocks in the 
hierarchy. For example, “the arithmetic logic unit goes here”, 
and the “RAM cache goes there” and “the system bus cir 
cuitry goes there”, etc. The ?oor planner then outputs the 
netlist and a set of directives Which are usually a separate ?le. 
The directives and netlist are then input to another tool called 
a placement and router tool Which functions to speci?cally 
identify the location on the chip Where every transistor and 
every other device goes and hoW the connections betWeen 
devices Will be routed. 

Prior art ?oorplanner tools did alloW the designer to lay out 
the ?oor plan of the chip but only using logical blocks de?ned 
in the netlist. This Was not optimal because it might result in 
placement of circuits that need to communicate With each 
other Which are in different logical blocks far from each other 
on the chip. 

Therefore, a need has arisen for a neW ?oor planner tool 
Which alloWs a chip ?oorplan to be generated Which is laid out 
With performance issues in mind. To do its Work, a ?oor 
planner tool according to the invention Would have to be able 
to store the logical netlist in memory and then must generate 
another representation of the logical netlist that de?nes physi 
cal blocks in the ?oorplan layout and Which logical blocks are 
in each physical block. Speci?cally, the ?oor planner tool 
needed Would have to be able to generate a physical block 
hierarchy to de?ne the physical layout of the chip Without 
regard to the logical block boundaries de?ned by the logical 
netlist. The physical block hierarchy is all about performance 
as it alloWs the designer to place circuits that need to com 
municate With each other close together on the chip. The 
needed ?oor planner tool Would then be able to provide the 
physical constraints and directives to the place and route tool 
based upon the physical block hierarchy. 
The physical block hierarchy Will contain a great deal of 

data, though usually not as much as the logical netlist. Still, 
any data at all for the physical hierarchy in addition to the 
large logical netlist aggravates the memory shortage problem 
for the place and route tool on complex designs. Large netlists 
and large physical directives ?les complicates and sloWs 
doWn the operations of all both the ?oor planner tool and the 
place and route tool if the siZe of the netlist and physical 
directive ?le exceeds the available RAM capacity. Fre 
quently, place and route tools cannot handle all the gates in a 
large netlist even if they have 4 gigabytes of RAM. If the place 
and route tool or the ?oor planner tool cannot have all of the 
netlist in RAM, it Will not operate unless virtual memory is 
turned on and part of the netlist on the Workstation hard disk. 
Putting part of the netlist on hard disk and paging it in and out 
of RAM has not proved to be a desirable solution as it is very 
sloW. 

Therefore, a need has arisen for a ?oor planner tool Which 
can generate a physical block hierarchy With a compact data 
structure. This physical block hierarchy must be generated 
from a netlist and maintain the functionality and connectivity 
de?ned in the netlist. Such a ?oor planner tool Would alloW a 
user to place physical restraints on the placement of certain 
logical blocks and provide as an output both a logical netlist 
as Well as a physical block list Which is compact in data 
structure. In particular, a need has arisen for a ?oor planner 
tool Which generates a compact data representation of the 
physical blocks in the ?oor plan layout Without repeating the 



US 7,418,686 B1 
3 

entire content of the logical netlist by referencing the logical 
netlist. This enables the data required to do ?oor planning and 
generate output physical directives to all reside in RAM of the 
?oor planner tool thereby speeding its operation. 

Big logical netlists and compact representations of a physi 
cal layout still create problems for place and route tools 
though because this data can still exceed the capacity of the 
RAM of the Workstation upon Which the place and route tool 
is executing. Exceeding the RAM capacity frequency hap 
pens because the place and route tool uses the RAM as 
scratchpad memory to record trial placements While it is 
going through its placement and routing algorithms. This data 
can expand the data consumed by the netlist by a factor of 
three until a ?nal place and route solution is reached by the 
tool Whereupon the amount of data that needs to be stored 
shrinks back doWn. In other Words, While the place and route 
tool is thinking, it generates large amounts of trial and error 
placement and routing data on proposed placements that must 
be stored. Once a solution is reached, the data on the proposed 
placements that Were not adopted can be discarded. However, 
if the place and route tool runs out of RAM during this 
process, complications Will arise. 

Accordingly, a need has also arisen for a ?oor planner tool 
Which can break the logical netlist and physical directives list 
up into stand alone segments each of Which de?nes some 
portion of the overall chip design and Which is much smaller 
than the overall netlist. In effect, the output of this tool Would 
de?ne a subchip Within an overall chip layout. The subchip 
Would usually have terminals Which need to be connected to 
other terminals of other logical blocks and it Would usually 
have timing constraints Which must be met so that the overall 
chip Will be able to meet its timing constraints. Such a floor 
planning tool Would therefore provide pinout positions on the 
subchip as Well as positions for all logical blocks Within the 
one or more physical blocks of the subchip and it Would 
provide timing constraints or a timing budget the subchip 
must meet. Each of these netlist segments Would de?ne a 
subchip Which could be input to the place and route tool 
independently of the other segments. Each netlist segment 
Would be small enough to entirely ?t in RAM of the place and 
route tool. Because of the smaller siZe of the subchip netlist, 
the groWth in data volume during the place and route algo 
rithm Would be unlikely to exceed the RAM capacity of the 
place and route Workstation. 

This divide and conquer approach has been knoWn in the 
ASIC World, but no such ?oor planner tool exists yet the 
FPGA World. 

It is possible to not use a ?oor planner in the above 
described process and just input the netlist to the place and 
route tool. Place and route tools are not very deterministic 
though. Thus, the results in terms of clock speed can vary 
Wildly from one run of a place and route tool to the next With 
exactly the same netlist as the input. Thus, one run of the place 
and route tool can result in the ?nal design have a clock speed 
of 130 MhZ, and the next run With exactly the same netlist 
having been input can result in a clock speed of 80 MhZ. 

The inclusion of a ?oor planner in the process greatly 
improves the stability of the performance of the ?nal design 
because it alloWs the designer With knoWledge of the opera 
tion of the circuit to specify Which logical blocks or groups of 
logical blocks need to be placed close to each other. This 
information then is reduced to directives Which restrict the 
placement of individual transistors and other components by 
the place and route tool so that the ?nal performance of the 
chip Will be more predictable. 

The place and route tool output can then be used as the 
input to a bitstream tool Which sets the various sWitches in a 
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4 
?eld programmable gate array into appropriate on and off 
conditions to implement the functionality de?ned by the 
netlist. In the case of an application speci?c integrated circuit, 
the output of the place and route tool can be used to generate 
an appropriate mask set to de?ne the functionality of the 
ASIC in accordance With the netlist. 

Prior art ?oor planner tools Were restricted to Working With 
the logical blocks de?ned in the logical netlist. HoWever, the 
?oor planning process Works better if the designer is alloWed 
to create physical blocks Which de?ne a physical block hier 
archy and then layout the ?oor plan With these physical 
blocks. Each of these physical blocks incorporates the cir 
cuitry of one or more logical blocks. If one ?oor plans With 
only the logical blocks de?ned by the netlist, it is often not 
possible to get the best performance. This is because some 
circuits in one logical block may be highly interconnected 
With a need to communicate With circuitry in another logical 
block. Performance issues Would require that these tWo dif 
ferent circuits be placed close to each other on the chip. But if 
the ?oor planner is restricted to placement of logical blocks, 
it is possible that the tWo circuits in different logical blocks 
that need to communicate Will not be placed close enough 
together on the chip to achieve optimum performance. 

Further, chip designers like to evaluate a plurality of sce 
narios for a chip ?oor plan. In prior art ?oor planners, each 
different ?oor plan scenario required reading the entire logi 
cal netlist into RAM, and only one ?oor plan could be gen 
erated from each copy of the netlist. To do tWo ?oorplans 
Would require tWo copies of the netlist. This aggravates the 
memory shortage problem 

Therefore, a need has arisen for a ?oor planning tool Which 
can invade the logical block boundaries to create physical 
blocks arranged in a hierarchy and each of Which can span 
logical block boundaries While maintaining the connectivity 
expressed in the logical blocks of the netlist. A need has also 
arisen for a ?oor planning tool Which can have multiple ?oor 
plan scenarios simultaneously While storing only one copy of 
the logical netlist in memory and simultaneously expressing 
the physical block hierarchy by reference to the logical netlist 
thereby keeping the data representation of the physical block 
hierarchy compact. 

SUMMARY OF THE INVENTION 

The teachings of the invention contemplate computer pro 
ces ses, programmed computers and computer readable media 
Which contain instructions to control a computer. These 
inventions implement a ?oor planning tool Which alloWs 
users to creates neW physical hierarchies to place circuits 
(instances) from a logical netlist (Which contains no physical 
placement information) onto a ?oorplan of any integrated 
circuit. This alloWs the user to give guidance to a place and 
route tool on Where speci?c circuits are to be placed in the 
?nal chip layout so as to enhance performance and ensure that 
timing and poWer consumptions constraints can be met. This 
?oor planning tool is useful in laying out conventional inte 
grated circuits, FPGAs, ASICs, structured ASICs and any 
other type of integrated circuit. 
The teachings of the invention include a data structure 

stored on a computer readable medium for physical blocks 
(hereafter pblock) Which can be nested to de?ne a pblock 
hierarchy. The computer readable medium can be anything 
Which can be read by a computer including CD-ROM, ?oppy 
disk, hard disk, DVD-R media, random access memory, ?ash 
memory, magnetic tape, punch cards, etc. Each pblock has its 
oWn data object Which de?nes the location of the pblock on 
the ?oor plan of the integrated circuit (chip) being designed. 
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The ?oorplan provides the proposed placement of the circuits 
to be integrated on said chip. Each pblock data object also 
includes a list of child pblocks, said child pblocks being 
pblocks Which are contained Within the parent pblock. Each 
pblock data object includes a list of instances or circuits that 
are assigned to the pblock. Each instance entry on the list is 
implemented through use of a pointer to the data object Which 
de?nes the instance in the original logical netlist thereby 
reducing the amount of data that needs to be stored for the 
physical hierarchy. 

There is also a data structure Which de?nes the ?oorplan 
being designed in terms of a single array Which links every 
instance Which has been assigned to a pblock to that pblock. 
The ?oorplan data structure includes a ?eld Which identi?es a 
root pblock Which is a pblock Which Will contain all other 
pblocks in the hierarchy (it is at the top of the hierarchical 
tree) and therefore Will contain all instances assigned to the 
pblocks in the hierarchy. 

Use of pblocks and a physical hierarchy to de?ne the posi 
tions of circuits on chip ?oorplans greatly improves the per 
formance of the chip because the logical netlist includes no 
position information. This leaves it up to the place and route 
tool to put circuits on the chip surface Wherever it determines 
they need to be. This can result in some circuits being placed 
too far aWay from each other to meet timing constraints or 
poWer consumption constraints. By alloWing the designer to 
place pblocks on a chip ?oorplan and then populate them With 
circuits from the logical netlist, a designer can place circuits 
that have hard to meet timing and poWer constraints close to 
each other in the ?nal design. This decreases the amount of 
parasitic capacitance (parasitic capacitance is proportional to 
length) in the conductive lines betWeen the chips and reduces 
the propagation delays and poWer consumption on these 
shorter lines. 
The teachings of the invention also include a process a 

computer executes to create the physical hierarchy and a 
computer programmed to carry out this process and a com 
puter readable medium of expression Which stores instruc 
tions to control a computer to carry out the process. The 
overall process carried out by a computer to create a physical 
hierarchy is generally comprised of the folloWing steps: 

A) storing the data structures of a logical netlist; 
B) displaying on one portion of a computer display a rep 

resentation of the instances de?ned by said logical netlist; 
C) providing one or more tools a user can invoke to create 

and locate on a ?oorplan of an integrated circuit being 
designed and comprising one or more pblocks and respond 
ing to the use of said tools to create one or more said pblock(s) 
by creating data objects representing said pblocks, said ?oor 
plan being displayed on the same computer display as said 
representation of said instances de?ned by said logical netlist, 
and Wherein pblocks can contain other pblocks so as to estab 
lish a physical hierarchy; 

D) providing one or more tools a user can invoke to assign 
instances from said displayed representation of instances 
de?ned by said logical netlist into pblocks in said displayed 
hierarchy of pblocks; 

E) responding to such assignment operations by changing 
the data in said data objects representing said pblocks to 
re?ect Which instances are assigned to each pblock; and 

F) further responding to such assignment operations by 
determining the original connectivity betWeen instances 
de?ned in said logical netlist and automatically changing data 
in predetermined data objects of said physical hierarchy so as 
to recreate said original connectivity by creating neW nets and 
neW pins as necessary Which recreate said original connec 
tivity. 
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Step E is the process carried out by the PTree Update process 
described in the Detailed Description portion of the invention. 
This process is responsible for updating the data objects that 
de?ne the physical hierarchy When an instance (referred to in 
the folloWing steps as instToAppend) is moved from one 
pblock to another. It is comprises generally of the folloWing 
steps: 
marking instToAppend entries designating instances from 

said logical netlist Which have been moved to a pblock 
With a pointer to the pblock to each instance has been 
moved, said pointer being in an array m_instanceAs 
signments (hereafter referred to as the array) Which 
de?nes Which instances are assigned to each pblock; 

marking all child instances in said logical hierarchy of each 
said instToAppend in said array to point to the same 
pblock to Which said instToAppend Was assigned; 

recursing up the logical hierarchy from instToAppend until 
a rooted parent is found Which has been assigned to a 
pblock (hereafter called rootedPBlock) and mark the 
rooted parent as Zero in said array, Where a rooted parent 
is an instance Which is de?ned by a data object in said 
physical hierarchy Which has a ?ag set Which indicated 
said rooted parent has been assigned to a pblock and 
Where marking an instance to Zero in said array causes 
said instance to disappear from the physical hierarchy, 
Where disappear from the physical hierarchy means the 
instance is not assigned to a particular pblock; 

unWinding the recursion from said rooted parent along a 
line of said physical hierarchy toWard said instToAp 
pend and mark as Zero in said array all ancestor instances 
in said physical hierarchy betWeen said rooted parent 
and said instToAppend, Where an ancestor instance is 
any instance in said physical hierarchy on a line of 
descendants betWeen said rooted parent and said inst 
ToAppend not including either said rooted parent nor 
said instToAppend; 

marking all siblings of any ancestor instance in said array 
as assigned to said rooted pblock if not already so 
marked by setting a ?ag in a data structure representing 
said instance in said physical hierarchy to a “rooted” 
state and making sure a pointer to said sibling is present 
in a data structure representing said rooted pblock in said 
physical hierarchy; 

determining if all sibling instances of said instToAppend in 
said physical hierarchy are marked as belonging to the 
same pblock as said instToAppend, and, if so, perform 
ing a collapse operation to resurrect a parent instance of 
said siblings in said physical hierarchy by removing or 
setting to Zero entries in said array for all said sibling 
instances Which are components of said parent instance 
and adding an entry to said array for said parent instance 
and data indicating saidparent instance is assigned to the 
same pblock as said sibling instances Which Were com 
ponent instances of said parent instance. 

Generally, What this process comprises is: changing the point 
ers in the m_instanceAssignments array to re?ect the neW 
pblock to Which an instance has been assigned; marking all 
children instances of the instance Which Was moved as 
belonging to the same pblock as the parent instance Which 
Was moved; searching the physical hierarchy for a rooted 
parent and marking it in the array as Zero so that it disappears 
and ?nding all the ancestors of the instance that moved along 
the line of descendants from the rooted parent to the instance 
that Was moved and marking them as Zero; marking all sib 
lings of any ancestor found as belonging to the same pblock 
the rooted parent Was assigned to and determining if all chil 
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dren of a parent are in the same pblock, and, if so, marking 
them as Zero and resurrecting their parent as an entry in the 
array and marked as assigned to the same pblock as all the 
children of that parent. 
When an instance is moved to a new pblock, all its connec 

tions that exist between its pins and other pins have to be 
disconnected and recreated using boundary pins on the 
boundaries of pblocks and new nets. This is done by the 
PNetwork Update process which is the process carried out by 
step F above. This is done by the following steps: 

determining which instances have been moved from one 
pblock to another; 

for each instance that has been removed from a pblock, and 
for each pin on the removed instance, disconnect the pin 
from any net to which it is connected and removing any 
nets not needed in a pblock, said disconnection of pins 
and removing of nets accomplished by altering data 
de?ning said physical hierarchy; 

for each instance that has been added to a pblock, and for 
each pin on the added instance, create one or more new 
physical nets and pblock boundary pins as needed to 
connect said pins of all instances which have been 
moved to a different pblock to the same other pins said 
pins of said instances which have been moved were 
originally connected to prior to said move, said creation 
of new boundary pins and nets accomplished by altering 
data de?ning said physical hierarchy. 

After the ?oor planning tool according to the invention 
completes the new physical hierarchy, it outputs a new netlist 
based upon the physical hierarchy with directives on place 
ment to the place and route tool. 

In general, the genus of the invention is de?ned by the 
following characteristics which all species will share: 

any data structure and any process which creates said data 
structure which allows a designer to physically locate 
wherever the designer desires individual instances or 
circuits de?ned by a logical netlist on a ?oor plan of a 
chip being designed by assigning individual instances to 
pblocks in the ?oorplan; 

where the pblocks can contain any instance from the logi 
cal hierarchy without regard to the hierarchical structure 
of the logical netlist; and 

where the process automatically adjusts the data in the data 
structure so as to make sure that all instances from the 
logical netlist have been assigned to a pblock and so as to 
maintain the original connectivity de?ned by the logical 
netlist when instances are moved to pblocks for the ?rst 
time or are later moved from one pblock to another. 

Various subspecies within this genus: 
1) Use pointers to instances in the logical netlist as the data 

in the physical hierarchy data structure which de?nes which 
instances are in each pblock so as to save memory space 
needed to store the data of said physical hierarchy. The origi 
nal logical netlist is kept intact and the physical hierarchy data 
structure is kept very compact through the liberal use of 
pointers to data structures in the logical netlist that do not have 
to be repeated in the physical hierarchy. 

2) Another subspecies is to repeat the data from the logical 
hierarchy in the physical hierarchy. 

3) Allow multiple different ?oor plans to be developed 
simultaneously by using different sets of pointers to the same 
logical netlist. 

4) Allow instances to be assigned to pblocks by dragging 
and dropping instances from the logical netlist to the pblocks 
or dragging an instance from one pblock to another. 
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5) Another subspecies is to allow assignment of instances 

to pblocks by giving text commands in a command line inter 
face. 

6) Another subspecies is to make each pblock stand alone 
in the sense that all nets into or out of the pblock terminate on 
a pblock boundary pin, and each pblock has its own timing 
and power constraints for its nets. In this way, large netlists do 
not have to be stored in their entirety in the RAM of the place 
and route workstation. Instead, individual pblocks can be 
output from the ?oor planning tool to the place and route tool 
as if each individual pblock was its own stand alone chip. This 
allows place and route tools to work with large netlists using 
the directives output by the ?oor planner tool without exceed 
ing the RAM capacity of the machine. 
The ability to de?ne pblocks to put instances together that 

are in different logical units in the netlist saves having to 
rewrite the netlist when a designer decides that two circuits in 
different logical units on the netlist need to be placed together 
by the place and route tool for performance reasons. Rewrit 
ing the netlist is a major problem because timing constraints 
may have been de?ned in terms of the original netlist and 
changing the logical hierarchy would invalidate all the exist 
ing constraints. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a symbolic diagram of a typical logical hierarchy 
that de?nes a chip. 

FIG. 2 is a ?owchart of a top level method to create a 
physical block hierarchy from the logical blocks de?ned on a 
netlist. 

FIG. 3 is a ?owchart of a more detailed embodiment of a 
method to create a ?oor plan using an improved ?oor planner 
tool according to the invention. 

FIG. 4, comprised ofFIGS. 4A and 4B, is a ?owchart ofthe 
PTree update process. 

FIG. 5 is symbolic of the types of information in a display 
on the ?oor planning tool showing an example logical hier 
archy on the left and some sample pblocks on the right for 
purposes of illustrating operation of the tool. FIG. 5 also 
illustrates the drag and drop operation to create a physical 
hierarchy and the operation of the PTree routine to guarantee 
no circuit is left behind. 

FIG. 6 is a ?owchart of the PNetwork Update process. 
FIG. 7 is a ?owchart of the connect process of PNetwork 

Update. 
FIG. 8 is a ?owchart of the disconnect process of PNetwork 

Update. 
FIG. 9 is a diagram of an example to illustrate the discon 

nect process and the re-connect and new net synthesis pro 
cess. 

FIG. 10 is a ?owchart of an alternative embodiment of the 
PNetwork disconnect process which does not try to save any 
portion of nets connected to instances which have been 
moved. 

FIG. 11 is an example physical hierarchy to illustrate the 
operation of certain steps of the PTree Update process. 

FIG. 12 is a diagram illustrating how a physical hierarchy 
(?oorplan) saves memory space by referencing the circuits or 
instances which are in each pblock by using pointers to the 
circuits in the original logical hierarchy de?ned by the netlist. 

FIG. 13 illustrates how the pointer data in the physical 
hierarchy is changed by the PTree update process when E is 
dragged from pb1 (where it was assigned when its parent B 
was dragged to pb1) to pb2. 




























